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ABSTRACT 
 
Memory benefits from retrieval. This fact has motivated an entire literature on the testing effect, 
which demonstrates that retrieval practice benefits memory more than additional restudy 
opportunities. The overall robustness of this effect masks a surprising variability in just how 
advantageous (or not) retrieval practice actually is in practice, particularly for items that are 
difficult to retrieve or for learners who are highly unskilled or untrained. In a series of 
experiments, this dissertation examines effects of self-testing across a variety of levels of 
difficulty.  The goal is to find techniques that allow precision in determining at what level of 
mastery the risks and benefits of self-testing outweigh the certain but modest benefits of restudy.  
For learners, an optimization algorithm would be most useful if it can translate to a practice 
schedule that adapts to them, based on their current knowledge level. The first four experiments 
attempt to determine where testing is most and least effective, based on subjects’ own judgments 
of learning during study, and whether restudy events can be profitably reintroduced to practice.  
Experiments 5 and 6 allow participants themselves to choose practice, to test whether these 
choices can be modified to improve overall memory.  Across these experiments, retrievability 
and the number of practice sessions both modulate the magnitude of the testing effect. However, 
modifying practice on the basis of these variables in Experiments 5 and 6 did not reliably 
improve memory. 
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CHAPTER 1: INTRODUCTION 
 
 In the early 1900s, Gates (1917) performed one of the first large scale studies of what 
would later be known as the testing effect. Grade school children learned either nonsense 
syllables or biographical facts via repeated presentation, and then switched to self-testing 20, 40, 
60, 80, or 90% of the way through the learning period. On a later test, Gates found that testing 
helped memory considerably.  In fact, the more testing the learner experienced, the better their 
memory was for the material. The benefit was also more pronounced if the final test came after a 
delay. 
Interest in the testing effect continued through the century (e.g., Izawa, 1967; Hogan and 
Kintsch, 1971), and has recently experienced a rebirth of popularity (e.g., Roediger and Karpicke 
2006a; 2006b). Roediger and Karpicke (2006b) used complex text passages rather than single 
words, and obtained the classic testing effect: testing helped when the final test was at a delay, 
but not when the test was immediate. They also extended the effect: testing outpaced restudy yet 
further when the delay was extended to a week, and also when more practice sessions were 
included: there was a larger advantage if the comparison was three retrieval practice sessions vs. 
three restudy sessions (compared to a typical single session of practice). 
The set of experiments proposed and reported here all use paired associate learning, 
where the testing effect is similarly robust. Jacoby (1978) provided an early demonstration using 
word-pairs and a stem-completion form of retrieval practice. Runquist (1986) extended this 
result to the longer delays where the testing effect is most noticeable: an item was studied 1 (S) 
or 3 (SSS) times, and this was crossed with whether an item received retrieval practice (ST). On 
the immediate test, there was little difference between the ST and SSS conditions, but the decline 
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in performance over time was slower for the ST condition: for tests delayed by either 2 or 7 days, 
the ST condition outperformed the SSS condition, even though it had fewer total sessions of 
practice.  
Retrieval practice helps memory, but the conditions of practice and testing moderate the 
extent of the benefit. The presence of these moderators is important, since instructors need to 
make good choices about when and to what extent to utilize retrieval practice in guiding 
learning. It may also matter when learners must choose for themselves: if they are blind to a 
moderator’s effect, it may give some insight into the factors they actually use to decide whether 
to self-test, and when they may be underusing self-testing. 
One of the most well-known moderators for the testing effect is the delay prior to the 
final test. The testing effect is stronger after a delay, and weaker or even absent if the final test is 
immediately after study (e.g., Roediger & Karpicke, 2006b; Jang, Wixted, Pecher, Zeelenberg, & 
Huber, 2012; Carpenter, Pashler, Wixted, & Vul, 2008).  Some researchers have hypothesized 
that the benefit of testing is due to the slowed rate of forgetting, which would reveal itself in 
larger effects at longer delays.  However, other studies have failed to replicate this effect (Siler & 
Benjamin, under review), and a meta-analysis has reported roughly equivalent effect sizes at 
both short and long delays (Rowland, 2014). 
A less well studied moderator is how retrievable the list is during practice. The testing 
effect is stronger when a greater proportion of the items can be retrieved, if no feedback follows 
retrieval practice (Jang et al., 2012; see Rowland, 2014 for review). As retrievability drops, the 
effect size of the testing effect seems to shrink as well. In fact, when 50% or less of the list is 
retrievable, the testing effect is completely absent and restudy is just as effective as self-testing 
for later memory (Rowland, 2014). 
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Despite how well replicated the testing effect is more generally, it should not be too 
surprising that the testing effect drops in effectiveness as the difficulty of retrieval grows. In the 
absence of corrective feedback, a failed retrieval cannot improve memory, though it may make 
one more receptive to the correct answer if that answer is provided immediately after the failed 
attempt (Kornell, Hays, & Bjork, 2009; Vaughn & Rawson, 2012). For these weakly learned 
items, restudy is clearly superior. The challenge for researchers is determining what conditions 
will cause retrieval to fail often enough that restudy is a superior option. What conditions are best 
suited to each practice method? 
 
Practice Difficulty in Motor Learning 
 An analogous problem has confronted researchers of motor learning, and the solutions 
proposed may apply to studies of memory more generally. When acquiring a set of skills, such as 
batting in baseball (Hall, Domingues, & Cavazos, 1994) or serving in badminton (Goode & 
Magill, 1986), learners must choose how they go about practicing. Two of the most common 
alternatives are massing practice of each skill – for example, take 20 free throws, then 20 three 
point shots, then 20 lay ups – or distributing practice of the shots by interleaving them. An early 
comparison of these two practice schedules used a knockdown task (Shea & Morgan, 1979). 
Participants released a start button, picked up a tennis ball, and then knocked down 3 of 6 upright 
barriers in a predetermined sequence, with three sequences practiced (such as right rear, left 
middle, right front) across the experiment in total. When practice was massed, all practice trials 
for a sequence were done in a single, continuous set before moving on to the next. Under random 
practice, trials from all sequences were interleaved in a random order, with the constraint that a 
single sequence not occur more than twice in a row. During training, blocked practice led to 
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more rapid gains in skill, but when they were tested afterwards the pattern reversed: random 
practice led to better performance overall, with blocked practice particularly suffering in a 
transfer task in which learners had to learn an entirely new sequence. 
 This pattern of results is known as the contextual interference effect. As in the testing 
effect, one condition (random practice) leads to generally worse performance when the test is 
immediate but superior performance at a delay. Likewise, explanations of the contextual 
interference effect have invoked the importance of retrieval. When it was found that practice did 
not need to be truly randomly ordered but merely interleaved (Lee & Magill, 1983), one of the 
primary explanations for the effect stressed retrieval from long term memory as the driver of 
superior performance for interleaved practice (Lee & Magill, 1983; 1985). In this reconstruction 
hypothesis, switching between different tasks aids memory because it forces you to mentally 
reconstruct the sequence of movements you need to make on each trial. In other words, enough 
forgetting occurs between trials that you can engage in something like retrieval practice, rather 
than simply rehearsing or otherwise relying on the current contents of working memory. (The 
other primary theory, the elaboration hypothesis, proposes that interleaved practice allows one to 
encode each task in a more varied way, such as by comparing and contrasting the tasks to each 
other). 
 As in the testing effect, the benefits of interleaved practice are well documented (see 
Magill & Hall, 1990, for a review). There are two instances where interleaved practice fails to 
show an advantage, however. The first has to do with exactly what tasks are being interleaved: if 
these tasks are similar enough to one another—for example, tracing Ns of different sizes (Wood 
& Ging, 1991), then interleaving is no better than blocking practice.  Presumably this occurs 
because the tasks are not appreciably different from one another. The second case is that when 
                                                                      
  
5 
 
the learners are still novices at the task, blocked practice no longer appears to have the same 
disadvantages (Simon, Lee, & Cullen, 2008) and may in fact be superior (Porter & Magill, 
2010). 
 Challenge point framework (Guadagnoli & Lee, 2004) sets out to explain this latter 
exception. In particular, it argues that there is an optimal difficulty for each participant, and that 
if the task is too simple or too difficult, learning will be nonoptimal. This piece of the framework 
is quite similar to verbal learning theories of difficulty such as the desirable difficulties 
perspective (Bjork & Bjork, 2011) and the region of proximal learning theory (Kornell & 
Metcalfe, 2006; Metcalfe 2011). All note that there are some methods of learning (interleaving 
practice, spacing study sessions, or engaging in retrieval practice) that may appear to slow 
learning during acquisition but lead to superior performance or memory at a delay. Importantly, 
all have a sweet spot, or optimal point of challenge, that one should not exceed.  
 In motor learning, this led to efforts towards making adaptive practice schedules, to better 
keep participants in this area of optimal challenge. The Win-Shift, Lose-Stay schedule is one 
such attempt (Simon et al., 2008). The tasks to be practiced were three series of key presses that 
had to be completed as near as possible to different target times. For instance, participants had to 
aim to complete the sequence ‘9-5-1-2-3’ with a target time of 900 ms, with different sequences 
for 1200 ms and 1500 ms. Practice could be blocked, randomized, or one of two new adaptive 
schedules: in one, you switched only when you got within 5% of the target time, in the second, 
you switched only when you got within that margin twice in a row. The idea for both conditions 
is that, early in learning, when the task is more challenging to do well, blocked practice will be 
given more liberally, but as learning asymptotes switches should become more common. The 
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first of the adaptive schedules, which switched tasks more liberally, showed promise: it was 
comparable to random practice at the final test, but without quite as steep a cost in acquisition.  
 In verbal learning, switching directly from restudy to retrieval practice adaptively has 
been examined less. To do so you would need some measure of learning, which is difficult to get 
without actually giving a memory test and, in doing so, providing some uncontrolled retrieval 
practice to the learner. A similar motivation has played out however, in work that attempts to 
adjust retrieval practice difficulty by manipulating the cues one has (or does not have) at retrieval 
(Finley, Benjamin, Hayes, Bjork, & Kornell, 2011). Finley and colleagues compared study only, 
diminishing cues, and accumulating cues when learning word pairs. Accumulating cues 
incrementally adds letters to the target word in cued recall, until the final trial closely matches 
restudy. Diminishing cues begins with the target word almost filled in, but removes letters as 
practice continues. Of these, diminishing cues hews closest to the idea of easing one into 
difficulty that’s present in motor learning. It also performs best, leading to the highest 
performance across two experiments.  
More recent work on diminishing cues (Fiechter & Benjamin, 2017) has provided a direct 
comparison to retrieval practice. When retrievability was <50% (and we would consequently 
expect the testing effect to be weak or nonexistent), retrieval practice was numerically worse 
than restudy, but scaffolding retrieval practice with diminishing cues—by moving from easy to 
harder practice over time—led to the best performance. This advantage also appeared in follow 
up experiments in which higher levels of retrievability were present: though the normal testing 
effect was now present, diminishing cues still led to better memory overall. The primary 
condition that allowed retrieval practice to pull even with diminishing cues is when feedback was 
included. This removes the primary danger of low retrievability: a failure to retrieve no longer 
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means you have no learning for that trial, and is consistent with the meta-analytic results: testing 
effects are strongest when retrievability is low, but feedback is included (Rowland, 2014).  
 
Metacognition, and choosing when to self-test 
 In the wake of the revival of testing-effect research, a worry often raised in research on 
metacognition was the infrequency of self-testing, and the apparent lack of appreciation for the 
benefits of testing. For instance, when asked, students don’t generally mention memory 
enhancement as a reason for why they might self-test (Kornell, 2007; Kornell & Bjork, 2007; 
Karpicke, 2009). Estimates of the amount of self-testing participants engage in vary. In one study 
that queried college students about their study habits, 67% reported using used flash cards (a 
form of self-testing), for at least one of their classes (Wissman, Rawson, & Pyc, 2012), though 
only 19% reported using them for four or more classes. 
 Some of this may be a genuine metacognitive error. Participants’ study choices are not 
perfect; for instance, when given the option to drop items from study they are likely to do so too 
often (Karpicke, 2009) and too early (Kornell & Bjork, 2008). Even after engaging in retrieval 
practice, people generally incorrectly rate the likely future retrievability of restudied items as 
higher than that of self-tested items (Kornell & Son, 2009). Participants are sometimes 
insensitive to the effects of forgetting (Koriat, 2004) when estimating performance, and may be 
estimating future retrievability based on current retrievability (Benjamin & Bjork, 1996; 
Benjamin, Bjork, & Schwartz, 1998). In other words, participants may underestimate the testing 
effect because their best guess of whether they will remember an item later is its current 
retrievability, when the testing effect is weakest and restudy sometimes actually is better than 
self-testing.  
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 This does not show that participants are wrong to self-test less, however. Studies of 
diminishing cues highlight the cost of retrieval failure, and even a rudimentary implementation 
of an adaptive schedule outperformed pure retrieval practice (Fiechter & Benjamin, under 
review). How does study under a subject’s control compare? 
A useful paradigm for gauging the effectiveness of a subject’s decisions is the 
honor/dishonor paradigm. In an honor/dishonor experiment, participants are in control of their 
study, and choose what items to study or practice further. Those choices may be honored or 
dishonored, and the effects on final memory performance are assessed. For instance, in one 
honor/dishonor experiment, participants studied Spanish-English translation equivalents, made 
JOLs for each one, and then were tested on them (Kornell & Metcalfe, 2006). For the items they 
got incorrect, they chose half to restudy further. Honoring their choices about which items to 
restudy led to superior later memory than dishonoring those choices. 
A recent series of experiments investigated the effects of honoring/dishonoring choices in 
a testing effect paradigm (Tullis, Fiechter, and Benjamin, 2017). After studying a set of word 
pairs, participants chose, for each item, whether to restudy or self-test themselves on it.  Across a 
wide variety of circumstances and constraints that varied across experiments, these choices were 
sometimes honored and sometimes dishonored. Across all experiments, participants chose easier 
items for self-testing rather than restudy. More importantly, dishonoring an item chosen for 
retrieval practice (by imposing restudy) decreased eventual memory, but forcing retrieval 
practice (by dishonoring an item chosen for restudy) did not improve performance. In fact, 
honoring subjects’ selection about retrieval practice led to roughly the same level of performance 
as testing all of the items, even though they only chose to be tested on 50%-70% of them. 
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Clearly, subjects are doing something adaptive in these experiments. Compared to full 
retrieval practice, a random mix of restudy and test trials will hurt memory—in fact, Tullis and 
colleagues included this control condition and confirmed as much—but a self-controlled 
allocation of items to be tested and restudied yields performance that is as high as complete 
retrieval practice. It’s likely that, when given the choice, many of the items chosen for restudy 
are ones that subjects recognize that they would be unlikely to retrieve. Evidence for this claim 
was found when item difficulty was manipulated by including both related and unrelated words.  
More difficult, unrelated items were more often chosen for restudy rather than retrieval. 
However, as Rowland’s meta-analysis showed, retrievability can still be fairly low (~50%) and 
still leading to a testing effect. How close are subjects getting to striking the ideal balance? If 
they managed this perfectly, we would expect honored choices to perhaps even outperform pure 
retrieval practice. 
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CHAPTER 2: EXPERIMENTS 1-4 
 
The first four experiments in this dissertation attempt to find this balance point. To gain a 
more fine-grained measure of difficulty that allows for idiosyncratic differences, judgments of 
learning are taken for each studied item, and used to index the difficulty that that particular 
person faces with that particular item. This choice has the additional advantage of allowing an 
adaptive schedule to be developed based on participants’ own assessment of the items once a 
balance point is found. In the first four experiments restudy and retrieval practice trials are 
distributed across the spectrum of JOLs: poorly learned and almost mastered materials, as well as 
everything in between, are evaluated for the relative advantage of self-testing. If these 
experiments can find evidence of a crossover interaction, such that restudy is superior for the 
weakest items, and testing superior for the stronger items, then we should also be able to extend 
this paradigm to pit subject-controlled study against experimenter-designed adaptive schedules. 
The first experiment evaluates the benefits of testing systematically across the range of JOLs 
collected at study. Figure 1 shows the predicted pattern of results. There will be a testing effect, 
but it will be modulated by JOL. At low JOL scores, where retrievability is lowest, restudy will 
yield an advantage, but this advantage will fade as judgments of learning rise and reverse for the 
better learned items. 
Experiment 1 
Method 
 Subjects. 130 Mechanical Turk workers participated in the experiment. In order to sign 
up, workers had to complete at least 100 HITs, have a 95% or higher approval rating, and reside 
in the United States. 39 workers did not return for the 2nd day, and a further 25 were excluded 
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due to having 0% accuracy on the final memory test. This led to 66 subjects’ data being used for 
the analyses below. For Experiments 1-4,  60-70 subjects was the desired sample size, as that 
range led to 80% power in detecting effect sizes of .25 for a within-subjects design. 
Materials and Design. To create a study list of unrelated word pairs, words that were 3-7 
letters long with word frequencies between 5-400 were collected from a free association word 
norm database (Nelson, McEvoy, & Schreiber, 1998). These were shuffled into random pairs, 
and any that by chance did have a recorded cue-to-target strength were eliminated, with 40 of the 
remaining word pairs used as the stimuli for this experiment. Example pairs include biology – 
temper, pea – bathtub, and knock – otter.  
The type of practice a word pair receives depended on the judgments of learning given 
during study. To obtain an even mixture of restudy and retrieval practice across all levels of 
learning, JOLs were sorted from lowest to highest, and then restudy and retrieval practice were 
alternately assigned to the pairs. Whether the lowest JOL word pair received restudy or retrieval 
practice was counterbalanced across participants. 
Procedure. During the initial study phase, participants were shown each word pair for 3s. 
This was followed by a JOL judgment made via a sliding scale, with 1 being the lowest JOL one 
could give, and 100 being the highest. Below the slider, there was a prompt for subjects saying, 
“How well did you learn this?”  This judgment was untimed, and the word pair remained on the 
screen until they completed the judgment by clicking a Continue button that appeared once they 
had touched the slider.  Word order was randomized for each participant. 
 After the list was presented, the practice phase began. If a pair was restudied, it appeared 
on screen for 3s. If the pair had retrieval practice, the left (cue) word was presented alone, in the 
form 'Word - _____' and participants typed in their best guess for the target word. After they 
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finished all 40 practice trials, the first day was finished. Participants returned the next day for the 
final memory test. The test trials for both practice and the final test were self-paced, and 
participants were told it was okay to guess if they were unsure, or to type 'SKIP' if they definitely 
did not know the correct answer.  
Results 
Figure 2 shows average judgments of learning during the study phase, divided into 
quartiles for each subject. Figure 3 shows recall performance. During the retrieval practice phase, 
items were successfully recalled 33.7% of the time, with items from higher JOL quartiles being 
recalled more often F(3,195) =  19.964, p < .001. Our primary hypothesis concerned whether 
practice type interacts with JOL scores on the final memory test. To evaluate this, a logistic 
regression was run predicting performance from normalized JOL scores. A logistic regression 
allows us to predict dichotomous data directly (such as a recalled vs. not recalled item). 
However, as subjects may employ differing biases in generating JOLs scores (A JOL score of 80 
may be the highest JOL for one subject, but among the lowest for another), these scores were z-
transformed within a subject before being used as a predictor in the regression. The logistic 
regression showed that both practice type (b = .295; p = .003) and JOL (b = .43; p < .001) were 
significant predictors of recall accuracy, such that the odds of an accurate response increased 
when there was retrieval practice rather than restudy, and also with higher JOL ratings. However, 
in contrast to our hypothesis, the two did not interact (p = .887).  Consequently, the level of 
performance we would predict based on a mixture of restudy and retrieval practice would only 
increase with additional retrieval practice. If retrieval practice was imposed only above a 
threshold JOL value, performance would grow as that threshold was lowered all the way to 0, as 
shown in Figure 4.   
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Discussion 
 Experiment 1 found a testing effect, with retrieval practice yielding superior performance 
to restudy on the final memory test, but this effect was not moderated by JOLs. There was no 
interaction between practice type and JOL, though numerically the benefits of retrieval practice 
type grew as judgments of learning increased. Overall, however, restudy was consistently 
inferior to retrieval practice. An adaptive schedule based on this outcome would not include any 
restudy trials. 
 The primary concern about generalizability for experiment 1 was a floor effect. Items 
from the highest quartile of JOLs were only recalled 30% of the time in the restudy condition.  
Detecting an interaction between practice types becomes more difficult when, within a condition, 
performance is confined to the low end of the scale. Experiment 2 attempted to address this issue 
by providing all items additional study opportunities. Ideally, this should not only raise 
performance but hopefully spread performance out across more of the scale, which would make 
more prominent an interaction between practice types and JOLs. 
Experiment 2 
Method 
 Subjects. Participants were a mix of MTurk workers and students from the University of 
Illinois.  For those run online, 29 of the 45 MTurk workers that participated returned for day 2, 
and of these 3 were excluded for remembering 0 words on the 2nd day. For those run in the lab, 
44 of the 47 returned for day 2, and 2 of these were excluded for remembering 0 words on the 
memory test. This led to 68 subjects’ data being used in the analyses below. 
 Design and Procedure. The design is equivalent to that in Experiment 1. The same word 
pairs were used.  
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The only change is procedural. As in Experiment 1, there is an initial study phase, 
followed by restudy/retrieval practice, and then a final memory test one day later. However, in 
Experiment 2, there were three study sessions, rather than one. Within each session word pair 
order was randomized, but participants viewed all 40 word pairs before one could appear again. 
Results 
Figure 5 shows average judgments of learning during the study phase. An ANOVA 
shows a main effect of cycle, F(2,134) = 49.992, p < .001, qualified by a significant interaction 
with quartile; F(6,402) = 53.088, p < .001, such that on later cycles through the list, the better 
learned items are getting progressively higher JOLs, while the worst learned items have 
judgments of learning staying constant on average. During retrieval practice, items were recalled 
56.5% of the time, with higher JOL items being recalled more often F(3,201) = 26.936, p < .001.  
Figure 6 shows recall performance. Performance during the retrieval practice phase was 
higher than in Experiment 1, indicating that the manipulation intended to enhance performance 
was successful.  To evaluate whether practice type interacts with JOL scores on the final memory 
test, we again ran a logistic regression predicting performance from normalized JOL scores. JOL 
scores for each item were z-transformed within a subject, and these z-scores were then used as a 
predictor of recall accuracy in the logistic regression, along with practice condition and an 
interaction term. During the final memory test, a logistic regression of normalized JOL scores 
showed that both practice type (b = .585; p < .001) and JOL (b = .693; p < .001) were significant 
predictors of recall accuracy, such that the odds of an accurate response increased when there 
was retrieval practice rather than restudy, and if JOL ratings were higher. The two again did not 
interact (p = .84).  In short, performance improved as more retrieval practice trials were added, 
regardless of the items’ judgment of learning (Figure 7).   
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Discussion 
 Experiment 2 again revealed a testing effect, with retrieval practice yielding superior 
memory to restudy on the final memory test, but did not detect an interaction between practice 
type and judgments of learning. Restudy was consistently inferior to retrieval practice, and any 
‘adaptive’ schedule that added restudy trials would only harm performance. 
 Adding additional study sessions successfully raised performance off floor, with overall 
retrievability rising by over 20% from Experiment 1. Unfortunately, this appeared to raise all 
items by a significant margin: even the lowest JOL quartile had higher retrievability than three of 
the four JOL quartiles in the previous experiment. To address this concern for the next 
experiment, items had several practice events, rather than study sessions. The intent is to make 
the difference between retrieval practice and restudy more salient, as failures or successes in 
retrieval can compound over multiple sessions. In addition, the way judgments of learning are 
collected changed: the judgments of learning for each item was delayed, rather than solicited 
immediately after study. 
 The advantage of delayed JOLs is that they provide a more accurate assessment of a 
participants’ learning, and better predict later retrievability (Nelson & Dunlosky, 1991). Their 
downside is that a delayed JOL itself may act as another chance to practice the item. In 
particular, a delayed JOL may act as an episode of retrieval practice, as one may attempt to 
retrieve the item in service of making a JOL (Spellman & Bjork, 1992). However, the benefit to 
memory for a delayed cue-only JOL appears to be different from retrieval practice (Tauber, 
Dunlosky, & Rawson, 2015), making this a risk worth taking in order to enhance the difference 
between conditions. 
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Experiment 3 
Method 
 Subjects. Participants were run on MTurk until 60-70 were collected for both days of the 
experiment that remembered at least one item on Day 2. This led to 63 participants total that 
were included. There were 23 additional participants who did not return for Day 2, and 6 who 
returned but did not successfully recall an item. Participants were run in batches, with another 
batch of 10 run when the total fell short of 60. 
 Design and Procedure. The same word pairs were used as in Experiments 1 and 2; the 
only change is procedural. There was only one study session for the initial study phase, and three 
sessions of practice. In addition, all JOLs were delayed, and made after the initial study phase 
was completed. For practice, each word is locked into either restudy or retrieval practice, thus 
words may either follow S-SSS or S-TTT for day 1. A final memory test was given on Day 2. 
Results 
 During the practice phase, items that underwent retrieval practice were successfully 
recalled 20.4% of the time. An ANOVA with factors of practice list and JOL quartile found only 
a main effect of JOL: items from higher JOL quartiles were recalled more often F(3,186) =   
40.21, p < .001.  
Figure 8 shows recall performance during the practice phase and the final memory test.  
Note first that the manipulation intended to enhance the value of restudy was so successful that it 
surpassed the benefit of retrieval practice across the entire JOL spectrum. For the final memory 
test, a logistic regression with predictors of normalized JOLs and practice condition found 
significant effects of both variables (b = .578, p < .001 for JOLs and b = -.813, p < .001 for 
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practice condition). In addition, the interaction term was also significant (b = .36, p < .001), such 
that the restudy advantage shrank as JOLs increased.  
Discussion 
Two notable results were apparent in Experiment 3. The first is the dramatic change to 
the testing effect: it was now entirely absent, with restudy outperforming retrieval practice across 
all levels of learning. Two factors are likely contributors to this reversal. First, retrievability is 
lower than in all prior experiments: only 1 in 5 items were successfully retrieved during the 
practice phase, and even the highest JOL quartile elicited retrievability under 50%. At such 
levels, restudy and testing approach equal effectiveness, according to Rowland’s meta-analysis. 
For the highest quartile, where retrievability is ~40%, there is little difference between the two 
conditions, though as retrievability drops further, restudy pulls ahead.  
The second factor that may have contributed to this difference was the shift to multiple 
practice sessions. Repeated testing imposes an effective ceiling of what you can recall during 
that initial practice session, since there is no corrective feedback during practice. In the restudy 
condition, on the other hand, learners have another three opportunities at learning the correct 
answer. The end result is encouraging: by manipulating the general procedure, both retrievability 
and the testing effect can be reduced to the point where restudy yields an advantage.   
 The other encouraging result is that for the first time there was an interaction between 
judgments of learning and practice condition. The direction of this effect confirms the initial 
hypothesis: as judgments of learning increase, so does the relative advantage of self-testing. 
Experiment 3 was, in a sense, a promising overcorrection: the testing effect was reduced, but too 
far. Experiment 4 narrowed in on this more promising set of experimental parameters, and raised 
retrievability of all items prior to practice on Day 1 by including one additional session of study. 
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Experiment 4 
Method 
 Subjects. Participants were run on MTurk until 60-70 subjects came for both days of the 
experiment and remembered at least one item on Day 2, leading to 67 participants total in the 
analyses below. An additional 22 participants failed to return for Day 2, while 14 participants did 
return but had 0% recall accuracy. Participants were run in batches, with another batch of 10 ran 
when the total fell short of 60. 
 Design and Procedure. The same word pairs were used; the only change was procedural. 
There were now two study sessions for the initial study phase, which were followed by delayed 
JOLs, and then three sessions of practice. For practice, each word was locked into either restudy 
or retrieval practice. The final memory test occurred on day 2. 
Results 
During the practice phase, items that underwent retrieval practice were successfully 
recalled 36.1% of the time, indicating a successful increase from the previous experiment. An 
ANOVA with factors of practice list and JOL quartile again found a main effect of JOL, 
F(3,196) =  52.86, p < .001, and a smaller effect of practice list F(2,132) = 3.72, p < .05. That the 
effect of practice list is significant is somewhat surprising: the sum of squares for the 
denominator of the F-test are quite small relative to JOL, suggesting that there is a tiny, but 
consistent, improvement in memory across lists. Figure 10A shows recall performance during the 
practice phase. 
Figure 10B shows that which practice condition is superior depends upon how well-
learned that item was judged on Day 1. A logistic regression confirms: with normalized JOLs 
and practice condition as predictors, JOL was significant (b = .542, p < .001) practice was not (b 
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= -.094, p = .292), but there was a significant interaction between the two (b = .454, p <.001), 
such that as JOLs increased, so did the benefit of self-testing. The result of this interaction 
between judgment of learning and practice condition is that, if one were to provide the practice 
condition, optimal performance would be obtained by a mix of restudy and retrieval. As can be 
seen in Figure 11, the ideal balance in this experiment would have participants undergo retrieval 
practice if they provided JOLs >= 40, and restudy for the rest. 
Discussion 
With two study sessions, delayed JOLs, and three practice sessions, memory performance 
finally reached the hypothesized sweet spot. Not only did practice condition interact with 
participants’ judged learning, replicating Experiment 3, but a full crossover was finally obtained: 
restudy outperforms self-testing for the weakest items, and the standard testing effect obtains for 
the strongest items. As expected from such a crossover, there is also finally evidence of an 
adaptive schedule of practice: performance is predicted to be highest under a mix of restudy and 
retrieval practice contingent on JOL, doing best when items are tested if they have a JOL above 
40, and restudied otherwise. 
In principle, then, an adaptive schedule can work. In the current experiment, with 
foreknowledge of the above criterion, practice that varies on the basis of their JOLs would lead 
to superior performance to either condition by itself. The next two experiments attempt to 
expand on this effect. In each, the viability of an adaptive schedule is again tested, but an attempt 
to impose a manipulation of practice hypothesized to be helpful is also introduced. 
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CHAPTER 3: EXPERIMENTS 5-6 
 
One of my early motivations was to develop an adaptive schedule that can improve 
memory even when the subject themselves believe another form of practice would be more 
helpful.  Experiment 5 examines this question within an honor/dishonor paradigm, in which 
choices about upcoming review are made by the learner but not always honored. Experiment 6 
further examines the consequences of a belief subjects have about self-testing, namely, that it 
benefits memory less than restudy. If subjects have additional motivation to learn some items 
well, what type of practice will be chosen, and what are the consequences for memory?  
Experiment 5 
When participants choose how to study, dishonoring those choices decreases 
performance (Kornell & Metcalfe, 2006; Tullis et al., 2017). However, theories of how 
retrievability interact with self-testing should be able to predict the extent of this disruption in a 
more fine-grained manner. 
Experiment 5 leverages this knowledge to generative an ‘adaptive’ means of dishonoring 
choices, and compares those effects to a dishonor condition that is tuned to harm memory. The 
total number of dishonored choices remains the same, but dishonoring choices was done so that 
it was intended to be either maximally disruptive (by forcing self-testing for low-JOL items, and 
restudy for high-JOL items), or maximally beneficial (the opposite). Otherwise, the procedure 
was the same as Experiment 4. If the full crossover interaction is again obtained, then both sets 
of dishonored choices could improve memory over honoring them. At a minimum, I expect the 
overall performance following adaptive dishonoring to be higher than following disruptive 
dishonoring. 
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Method 
 Subjects. Participants were run on MTurk until 130-140 subjects were collected for both 
days of the experiment, and that remembered at least one item on Day 2.  This led to 136 
participants.  For Experiments 5-6, this range was chosen so 80% power could be reached for 
small (d~0.2) effect sizes in the between-subjects factor being manipulated. As group was 
assigned randomly and some participants did not return for Day 2, the sample was unbalanced: 
72 in the adaptive condition, and 64 in the disruptive condition. 
 Design and Procedure. As in Experiment 4, the current experiment had 2 study sessions, 
delayed JOLs, and 3 practice sessions on Day 1, followed by a final cued recall test one day 
later. Practice choices were made directly after an item’s judgment of learning: Participants were 
asked “Do you want to restudy or self-test yourself on this item later?” and then clicked a box to 
indicate their choice. Participants had 20 of each practice type to distribute as they saw fit; a 
running total indicated how many of each option they had left.   
In each condition, half of subjects’ choices were dishonored during practice, but which 
items were dishonored varied across subjects. In the ‘adaptive’ case, the 50% of items chosen for 
restudy with the highest JOLs and the 50% of items chosen for retrieval practice with the lowest 
JOLs were dishonored. In the ‘disruptive’ dishonor condition, this was reversed: the 50% of 
restudy items with the lowest JOLs were subjected to retrieval practice, and the 50% of retrieval 
practice items with the highest JOLs were assigned to be restudied.  
Results 
During the practice phase, retrieval practice items were successfully recalled 35.3% of 
the time. A mixed model with practice list and JOL quartile as predictors found a main effect of 
JOL quartile, χ2(1) = 305.956, p < .001, but no effect of list, p = .75, as shown in Figure 12A. 
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Figure 12B shows performance on the final memory test. A logistic regression with 
normalized JOLs and practice condition as predictors finds JOL was significant (b = .486, p < 
.001), as was practice condition (b = -.402, p = .292), as well as a significant interaction between 
the two (b = .37, p <.001). In sum, there was an advantage for both higher JOLs and restudy, but 
this restudy advantage diminished as JOLs increased.  
For this experiment, a model comparison approach was used to test each critical 
predictor: practice condition, honor/dishonor, and dishonor condition (adaptive/disruptive) were 
added to a general linear model, one at a time, and likelihood ratios was compared between the 
more complex model with the additional parameter and the simpler model. There were 
significant effects of practice condition, χ2(1) = 10.11, p < .01, and honor/dishonor χ2(1) = 4.19, 
p < .05, but not adaptive/disruptive, p = .74. There were also significant interactions between 
practice condition and both honor/dishonor, χ2(1) = 82.05, p < .001 and between practice 
condition and adaptive/disruptive, χ2(1) = 56.41, p < .001. Critically, our hypothesis centers 
around whether the effect of honor/dishonor depended on whether it was ‘adaptive’ or 
‘disruptive’; this interaction was also obtained, χ2(1) = 11.94, p < .001. 
 Figures 13 and 14 provide a more detailed breakdown of these effects. There was the 
typical advantage for honoring study choices, shown in Figure 13A.  However, the effect of 
dishonoring choices was in a direction opposite to the original prediction. This can be seen in 
Figure 13B, where the cost of dishonoring a study choice was expected to be higher in the 
disruptive than the adaptive condition.  Instead, dishonoring choices hurt performance in the 
adaptive condition, under the conditions designed to make it helpful.  
Figure 14 shows the full consequences of dishonoring choices across the spectrum of 
conditions. As in all prior experiments, items chosen for retrieval practice yielded higher 
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performance, regardless of condition and JOL, than items chosen for restudy.  This replicates the 
finding that more retrieval practice is generally reserved for more well learned materials.  
However, counter to expectations, dishonoring items chosen for restudy was more costly to 
performance than dishonoring those chosen for retrieval.  My prediction was based on the 
assumption that there would be an overall benefit of retrieval practice in this experiment; instead, 
this experiment showed similar results to Experiment 3, in which restudying was the overall 
superior technique.  More vexingly, the one case where dishonoring choices was actually helpful 
for participants was for well learned items that were chosen for retrieval practice.  I expected that 
those would be the items to suffer most from the absence of retrieval practice.    
Discussion 
The adaptive-dishonor condition was not adaptive; dishonoring choices harmed choices 
more in this condition than the condition expected to be disruptive. This is a set of unusual 
effects; why did the adaptive condition fall short? 
For the set of swaps made in the adaptive condition to be helpful, a set of preconditions 
had to hold true.  Ideally, the crossover interaction found in the previous experiment would be 
found here as well. This would have boosted both the poorly learned items chosen for retrieval 
practice (which would have been forced into a beneficial restudy) and the well-learned items 
chosen for restudy (whose high retrievability should have ensured a strong testing effect). For a 
lesser success, the preconditions did not need to be quite so specific: a testing effect that grew 
stronger across JOL quartile, as in Experiment 1, should also have led to an adaptive advantage. 
If the testing effect isn’t obtained, the predictions about how dishonoring practice will influence 
overall performance are much less clear. 
 The disruptive practice condition is unusual in one other sense: the advantage for 
dishonored items appeared for the well learned items forced into restudy. Even in the absence of 
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a testing effect, Rowland’s meta-analysis suggests we should expect restudy to benefit the 
weaker items, rather than the stronger. It is possible that the ‘well learned’ items were not in fact 
that well learned, as Day 2 accuracy was only slightly higher than 50%, but this is still counter to 
what previous work by Tullis and colleagues has found. Across their experiments, honoring 
items chosen for self-testing increased accuracy on the final test. This was true despite the 
overall level of learning also being low: cued recall accuracy for the final test was in fact lower 
on average than in the current experiment.  
 In the final experiment, I turn away from the question of how to optimize performance 
using self-testing.  I turn instead to an implication of the view that learners have an incomplete 
conceptualization of the value of retrieval practice.  Here I show that dishonoring study choices 
can indeed be helpful when the circumstances encourage learners to apply the (generally) 
superior learning technique of self-testing for materials that are of lower priority. 
Experiment 6 
 A related concern to finding an adaptive practice schedule is whether (or not) that 
practice regime might be adopted naturally. One surprising finding is that participants appear to 
undervalue the memory benefits of testing (Kornell & Bjork, 2007), but nonetheless choose it 
often (Tullis et al., 2013). The current experiment examines how harmful an incorrect view of 
retrieval practice can be. It seeks to find a counterintuitive effect: if subjects are more motivated 
to remember a word and they possess incorrect intuitions about the benefits of testing, then 
giving them control over the type of practice should actually impair performance. Subjects often 
choose to self-test, but the main reason that is reported for choosing self-testing is metacognitive: 
it helps subjects assess how well they know an item.  
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In all of the experiments presented thus far, the incentive for remembering is flat across 
items: it is equally important to remember any one item versus another. However, in the value-
directed remembering paradigm, some items are worth a low number of points, while some 
others are much higher in value. When the goal of the final test is to maximize points gained 
rather than items remembered, then we would have a subset of high value items that subjects 
should care more about. For those high-value items, the main reason to choose self-testing for 
many subjects would be de-emphasized, and subjects would be tempted to rely instead on 
restudy. This rush to restudy means that dishonoring high value items should show an inversion 
of the typical honor/dishonor effect, and this inversion should decline with point value. 
Method 
 Subjects. Participants were run on MTurk until 130-140 subjects were collected for both 
days of the experiment that remembered at least one item on Day 2. This led to a total of 131 
subjects. As in Experiment 5, the between-subjects manipulation was randomly assigned, leading 
to 67 participants in the honor condition, and 64 participants in the dishonor condition.  
 Design and Procedure. Point values were assigned to each word-pair in the list. Six 
values in total are used: low value items were assigned 1, 2, or 3 points, and high value items 
were assigned 10, 11, or 12 points; with 36 word pairs in total, each point value was assigned to 
6 word pairs.  This assignment strategy has been used successfully in other work using this 
paradigm (Hennessee, Knowlton, & Castel, 2018). 
 The general procedure mirrors that of Experiment 2: There were three study sessions, and 
one practice session on Day 1, followed by a memory test on Day 2. During study, the point 
value alone was presented for 1 second, and remained on screen for the 3 seconds that the word 
pair is presented. Judgments of learning were made immediately after the word pair was 
                                                                      
  
26 
 
presented during each of the study sessions. During the final study session participants chose 
how they would prefer to practice each pair. Whether participant choices were honored or 
dishonored is manipulated between subjects: either all choices were honored, or all choices were 
dishonored. 
Results 
 Figure 15 shows cued recall performance as a function of point value and actual practice 
condition.  A model comparison approach was used to test each critical predictor: the variables 
practice condition, point value, and honor/dishonor were added to a general linear model one at a 
time, and likelihood ratios were compared. There were main effects of practice type, χ2(1) = 
20.34, p < .001, such that items which underwent retrieval practice were remembered better, and 
value, χ2(1) = 30.98, p < .001. There was not a main effect of honor/dishonor (p = .16), but there 
was a significant interaction between honor/dishonor and practice condition χ2(1) = 22.19, p < 
.001, as shown in Figure 17. The interaction was such that items chosen for retrieval practice did 
well regardless of their actual practice, but items chosen for restudy benefited if they received 
retrieval practice instead. No other interactions were significant. 
 Dishonoring restudy choices led to improved performance, but did participants choose to 
restudy the more valuable items more often? The answer appears to be no: a logistic regression 
with normalized JOL and value as factors found significant effects of both value (b = .45, p < 
.001), and JOL (b = .75, p < .001). Figure 18 shows what percentage of items were chosen for 
retrieval practice overall, by point value, and Figure 19 shows that high JOL items from both 
values are more likely to be chosen for retrieval practice.  
  Finally, there are the judgments of learning participants made. High-value items were 
judged as better learned on Day 1, as shown in Figure 19, but did not themselves predict memory 
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performance as well as in past experiments. As can be seen in Figure 16, there was a significant 
effect of JOL quartile, χ2(1) = 26.33, p < .001, with the difference in Day 1 retrievability between 
the lowest JOL quartile and the highest ~10%. However, JOL quartile no longer 
straightforwardly predicted better Day 2 accuracy (Figure 16B). 
Discussion 
 One of the more surprising effects in the current experiment is the relative lack of 
influence exerted by JOL on performance. During the first day, the range of retrievability traced 
out by JOL quartile was only 10%, and there was no main effect of JOL during Day 2. In 
contrast, Experiment 2, which mirrors the design of the current experiment, shows a roughly 
30% difference in retrievability during Day 1, and a similarly large effect during the final 
memory test. One possible explanation for this shift is that the basis for these JOLs has shifted, 
due to the introduction of point values.  
 Koriat, Nussinson, and Ackerman (2014) distinguish between two bases for generating 
judgments of learning to an item. In one, judgments of learning are data-driven: aspects of the 
stimulus, such as feelings of fluency, are evaluated.  In the case of a word-pair, the amount or 
ease with which partial information becomes available to you guides the judgment of learning. 
However, judgments of learning can also be goal-driven: you have a goal to remember/succeed 
in a task, and the judgment of learning reflects the amount of effort deliberately expended to 
achieve this goal. Within our experiments, data-driven JOLs might be based on the ease with 
which a meaningful association between a word-pair comes to mind. Goal-driven JOLs might 
uniquely appear in the current experiment because learners are motivated to selectively learn the 
high point-value items.   
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 Despite this potential change in the basis of JOLs however, subjects’ practice choices did 
not shift in the direction hypothesized. Even though there was additional pressure to remember 
the high value items, subjects chose to retrieve these items more, even accounting for the fact 
that high JOL items are more often chosen for retrieval practice. Despite past surveys’ finding 
that students rarely focus on the memory benefits of self-testing when choosing whether or not to 
(Kornell & Bjork, 2007), when pressed, they will choose it.  
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CHAPTER 4: GENERAL DISCUSSION 
 
My starting point for this work was the idea that learners have a naïve, but potentially 
adaptive, theory of the value of self-testing. Learners undervalue self-testing (e.g., in surveys of 
students, Kornell and Bjork, 2007), but nonetheless use self-testing frequently in experiments in 
which it is an option.  
 My expectations were that I could replace this naïve theory with a straightforward one 
based around retrievability. Across experiments 1-4 I gradually narrowed down the range of 
conditions to bring performance into the ‘sweet spot’ that should best illuminate this theory: for 
poorly learned items, restudying will lead to the greatest improvement in performance, and for 
well-learned items one should self-test, as you can reap the memorial benefits of a (successful) 
retrieval. Experiments 5-6 attempted to extend these principles, by shifting subjects’ choices to 
one practice type or another on the basis of this theory. Experiment 5 attempted to use the 
finding of Experiment 4 to identify conditions in which certain means of dishonoring review 
choices would be beneficial and others would be harmful.  That experiment was largely 
unsuccessful because I was unable to fully regenerate conditions leading to a disordinal 
interaction between JOL and review condition.  Nonetheless, an interaction between the two was 
still present, and in the expected direction. Restudy became less effective as one’s subjective 
learning grew. 
Experiment 6 tested whether the (presumed naïve) view of subjects might actively harm 
memory when there was additional pressure to retrieve a subset of high value items. If subjects 
believe that restudy was better for memory but sometimes choose to self-test because the 
opportunity to check the current level of learning, then stressing the importance of remembering 
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should bias one to choose restudy more often. When the value of items was manipulated, 
subjects skewed their choices towards more self-testing, contrary to my prediction. Experiment 6 
did have some partial successes: overall performance and the testing effect match expectations. 
In mimicking the procedure of Experiment 2 by including multiple study sessions, Day 1 
retrievability, and thus the testing effect, should increase. Both were robust in Experiment 6. 
However, the intuition of what drove choosing to self-test were mistaken (people don’t want to 
restudy high-value items). In addition, the change in procedure of adding ‘value’ to items may 
have revealed that the basis for JOLs is less than straightforward. 
 The current set of experiments do have lessons for the use of testing in self-directed 
learning. Retrievability does track the general strength of the testing effect. In all six 
experiments, items in the lowest JOL quartile benefitted less from retrieval practice than items in 
the highest quartile.  Figure 20 shows the influence of JOL quartile, averaged across all six 
experiments. However, the size of the testing effect appears variable enough to dissuade even 
those with foreknowledge about judgments of learning or retrievability. The small positive 
testing effect found for items in the 4th quartile shown in Figure 20 is an average, but the 
individual experiments offer a rather mixed record: 2 of the 6 experiments had negative testing 
effects for this quartile. Likewise, retrievability alone may make unreliable predictions as one 
moves away from the extremes of learning. As shown in Table 1, Experiments 1, 4, and 5 all had 
overall retrievability at ~40%, but the overall testing effect was positive in Experiment 1, 0 in 
Experiment 4, and negative in Experiment 5. 
Table 1 also shows the importance of procedural variations. The number of practice 
sessions may predict the success of self-testing nearly as much as item retrievability in the 
current set of studies. Every experiment with just one practice session revealed a positive testing 
                                                                      
  
31 
 
effect, while each multiple session experiment yielded a testing effect that was either negative 
(Experiments 3 & 5) or null overall (Experiment 4). Roediger and Karpicke (2006) revived 
interest in the testing effect in part because testing was not merely helpful, but also because the 
benefits appeared to come without cost. The current experiments remind us there is an 
opportunity cost in attempting multiple retrievals for unretrievable materials, and that that time 
would be better spent on restudy.  
JOLs as a basis for determining an adaptive regimen 
 Together, retrievability and the number of practice sessions can serve as guideposts for 
determining whether or not self-testing is useful in a general sense. However, our original goal 
was not just to track the magnitude of the testing effect, but to use this information to make 
learning more adaptive. This is clearly a complicated endeavor. Not only do the exact nature of 
the stimuli and the expertise of the learner matter, so do the minor procedural elements 
associated with learning. In addition, using JOLs as a basis for sorting items by idiosyncratic 
difficulty is complicated by the fact that JOLs can reflect thoughts about the value of prior study 
as well as item difficulty. This tradeoff may be due to the fact that different aspects of the 
stimulus or study event inform JOL when it is goal-driven (e.g., Koriat, Nussinson, & Ackerman, 
2014).  
Other factors influencing JOLs may also distract them from being a pure predictor of 
later memory.  For instance, when there is a salient cue that learners can easily use to sort stimuli 
into nominally “easy” and “hard” categories (such as studying semantically related vs. unrelated 
pairs), participants may use this cue instead of a heuristic, data-driven assessment of mastery 
(Mitchum, Kelley, & Fox, 2016). Another bias concerns the stability of JOLs as learning 
accrues. In constructing an adaptive regime, rather than deciding which items are well learned 
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enough to profit from retrieval practice, an alternate approach would be to repeatedly practice, 
but shift gradually to more self-testing as participants report high JOLs. However, 
underconfidence with practice can occur when an initial (and likely inflated) immediate JOL is 
revised downward in light of an interim memory test, even though the test itself presumably 
improved memory (Koriat, Sheffer, & Ma’ayan, 2002; Finn & Metcalfe, 2007). 
These biases complicate the project of guiding practice on the basis of JOLs. Some are 
manageable: underconfidence with practice is mitigated if delayed JOLs are used. On the other 
hand, goal-driven or theory based JOLs risk decoupling the judgment from performance and 
make even a relative ranking, such as JOL quartile, uninformative. Clearly, much attention needs 
to be paid to means of soliciting JOLs if they are to be used to determine a strategy for ongoing 
learning. 
Honoring/Dishonoring Subjects’ choices. In addition to tracking the preconditions for 
testings’ effectiveness, the final two experiments also investigated how beneficial returning 
control of practice to the subject is. Given the difficulty in determining practice type by JOL on 
an item by item basis, it would be useful if honoring some subset of subject choice benefitted 
memory. While Experiment 5 failed to do so on the basis of a relatively complicated set of 
predictions, what of simpler decision rules such as ‘honor the items chosen for retrieval 
practice’? Across the two current experiments and the earlier investigations by Tullis and 
colleagues, there are few consistent trends. The earlier experiments each found that honoring was 
more beneficial when the study choice was retrieval practice, even though retrievability was low 
overall. However, this pattern of results was not obtained in either of the current experiments. 
Experiment 5 had an opposite effect (honoring restudy was most beneficial), while Experiment 6 
found that dishonoring restudy was most beneficial, and failed to find any benefit to honoring 
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subjects’ choices. The one consistency across these experiments was that subjects chose to self-
test better learned items. With the exception of Experiment 6, it is also true that testing is less 
beneficial for the more weakly learned items. 
With adaptive schedules in mind, one of the more interesting questions is what honoring 
a choice adds: what proportion of the honor/dishonor effect is due to factors outside restudying 
items you’re unlikely to retrieve, and self-testing those you likely can? Kimball and colleagues 
investigated this, comparing study choices at varying levels of metacognitive accuracy (Kimball, 
Smith, & Muntean, 2012).  Delayed JOLs were both more accurate at predicting future retrieval 
and lead to an increased honor/dishonor effect. However, this honor/dishonor increase was 
driven by a bias to restudy: those with delayed JOLs chose more restudy trials overall. When 
there was a limit imposed on the amount of each practice type, this advantage disappeared. 
Given that what honor/dishonor effects we see in the current experiments generally align with 
the retrievability of these items, incorporating study choice into an adaptive regimen may simply 
be unnecessary.  
 The opportunity cost of making practice adaptive.  A final concern regarding judgments 
of learning is the efficiency of study. The ideal training regimen should reach the desired level of 
performance in the shortest amount of time. Ironically, many practice regimens based around 
making study more useful do so by sacrificing efficiency on a trial by trial level. For instance, in 
trying to foster the ideal conditions for (difficult but possible) retrieval, an ‘adaptive-cue’ 
procedure was compared to pure retrieval practice (Fiechter & Benjamin, under review). The 
adaptive-cue procedure worked by gradually revealing letters of the to-be-recalled word until 
retrieval was successful or the entire word was revealed, and the memory benefit was significant: 
one cycle of adaptive-cues outperformed one cycle of retrieval practice (if feedback was 
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provided in the RP condition, memory was equal). However, the procedure was inefficient: 
participants had to either press a button or guess the word before the next letter was revealed and 
as a result, one cycle of adaptive-cueing could take twice as long as one cycle of retrieval 
practice.  
The current set of experiments attempt to make practice more adaptive on the basis of 
JOLs or choice of study. Both take time: the median JOL time across experiments is just shy of 
3s, while for study choice (which only requires clicking a box as opposed to manipulating a 
slider) the median time is shorter, just over 1s. What are the consequences with replacing this 
potential practice time with JOL assessments or study decisions? The effect of deciding how to 
study on memory hasn’t been investigated explicitly, though the current experiments give one 
such comparison between experiments 4 and 5, whose Day 1 procedures were equivalent other 
than the honor/dishonor manipulation. Table 1 shows that at least on Day 1, recall was 
essentially equivalent. JOLs on the other hand do boost memory (Mitchum et al., 2016; Tauber et 
al., 2015). Kimball and Metcalfe argued that one of the reasons delayed JOLs are more accurate 
than immediate may be due to participants recognizing the memory boost they get from 
attempting a retrieval, which gives them a second, spaced, practice trial (Kimball & Metcalfe, 
2003). However, the value of an immediate JOL may be less than that of study (Mitchum et al., 
2016), and the value of a delayed JOL less than that of retrieval practice (Tauber et al., 2015), 
though in the latter participants also spent less time on JOLs. If study efficiency is a concern in 
constructing an adaptive regime, an alternative may be to make a list-wide decision (e.g., Kornell 
& Son, 2009) or perhaps a list-wide JOL.  
 Practice has the potential to be adaptive, by responding to the learner’s needs by 
determining the type of practice based on variables such as study choice or JOL. The first four 
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experiments narrowed in on the most favorable conditions for showing the superiority of a mix of 
practice type. However, judgments of learning can be influenced by the particulars of study 
design, and retrievability alone may be insufficient for the more fine-grained predictions of 
which practice type to provide. Future work on adaptive learning can further examine study 
efficiency, or delve further into the bases of study choice and JOLs.  However, some general 
trends are reinforced in the present experiments: restudy may be a stronger candidate than 
implied by the literature on self-testing: when items are imperfectly learned, repeated self-testing 
in particular may be of no or limited benefit. If left to choose, subjects will consistently pick 
retrieval practice for the items they believe they’ve learned best, to their benefit. Finally, while 
retrievability cannot predict every hill and dip of self-testing’s efficacy, it is not a bad general 
guide for knowing when retrieval practice will benefit memory. 
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TABLE AND FIGURES 
 
Table 1.  The size of the testing effect across experiments, by retrievability (what % was recalled 
on Day 1), and number of practice sessions. 
 
 
 
  
Retrievability Testing Effect
One Practice Session
Experiment 1 0.34 0.06
Experiment 2 0.57 0.13
Experiment 6 0.59 0.09
Three Practice Sessions
Experiment 3 0.20 -0.12
Experiment 4 0.36 0.00
Experiment 5 0.35 -0.07
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Figure 1. Predicted accuracy on the final memory test as a function of JOL and practice 
condition.  
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Figure 2. Average JOL within each JOL quartile during the study phase.  
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Figure 3. Accuracy for the practice phase (A) and the final memory test (B), by JOL quartile and 
practice condition in Experiment 1. 
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Figure 4. Accuracy on the final test by practice condition. Dotted lines show accuracy if all 
items were either restudied or tested. The solid line shows a criterion-based mix of both practice 
types.  Across all JOL scores, adding more retrieval practice would be predicted to increase 
recall accuracy. 
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Figure 5. Average JOLs within each JOL quartile during the study phase.  
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Figure 6. Accuracy for the practice phase and the final memory test, by JOL quartile and practice 
condition in Experiment 2. 
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Figure 7. Accuracy on the final test by practice condition. Across all JOLs, allowing more 
retrieval practice predicted greater recall accuracy. 
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Figure 8. Accuracy for the practice phase (A) and the final memory test (B), by JOL quartile and 
practice condition for Experiment 3. 
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Figure 9. Accuracy on the final test by practice condition. Across all JOLs, allowing more 
retrieval practice predicted lower recall accuracy. 
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Figure 10. Accuracy for the practice phase (A) and the final memory test (B), by JOL quartile 
and practice condition for Experiment 4. 
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Figure 11. Accuracy on the final test by practice condition. Greater recall accuracy was predicted 
by a mix of retrieval practice and restudy.  
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Figure 12. Accuracy for the practice phase (A) and the final memory test (B), by JOL quartile 
and practice condition for Experiment 5. 
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Figure 13. Accuracy on the final memory test for honored vs. dishonored items, both overall (A) 
and split by the dishonor method (B). 
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Figure 14. Accuracy for honored and dishonored items, split by both restudy choice and how 
whether the item was in the top half of JOLs or the bottom half. 
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Figure 15. Memory for high and low value items, across practice conditions (A) or split by them 
(B). 
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Figure 16. Accuracy for the practice phase (A) and the final memory test (B), by JOL quartile 
and practice condition for Experiment 6. 
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Figure 17. The effects of honoring or dishonoring study choices, by study choice (B) or across 
choice (A). 
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Figure 18. Percentage of items chosen for retrieval practice, split by point value.  
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Figure 19. Judgments of learning for high and low value items. 
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Figure 20. Cued recall accuracy during the final memory test averaged across all six 
experiments. 
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